Background: Previous research suggests that school characteristics may influence physical activity.
Background

S
mall amounts of accumulated physical activity may add up to significantly larger energy expenditure over time. Given the growing rates of overweight in young people, 1,2 increasing energy expenditure is an important health priority. Significant recent attention has been given to identifying strategies that might promote more lifestyle physical activity among children and youth, including active commuting to school and increasing opportunities for play and physical activity. 3 However, the quantification of incidental and intermittent physical activity associated with these strategies can be difficult to capture without rigorous measurement. Studies using objective measures of physical activity such as accelerometry, or a combination of objective and self-report methods, can improve our ability to accurately measure and monitor activity levels among youth. Using physical activity monitoring devices such as accelerometers allows researchers to study activity patterns occurring within ecologic contexts 4, 5 of specific time and place. When measured objectively, the physical activity levels of children and adolescents vary with respect to time of day, 6, 7 day of the week, 7, 8 and specific context. 9 -11 For youth, much routine physical activity occurs within contexts including spaces such as homes, schools, and neighborhoods. Krizek et al. 12 provide a general schematic for investigations of the environment and physical activity among youth. Their approach advocates for a focus on both how and where youth spend their time. This study focuses on schools, a singularly universal destination for most youth.
Most American children attend school and as a result spend considerable time in school buildings and on school campuses. In 2003, fewer than 3% of students in the United States were home schooled (www.ed.gov/ about/offices/list/oii/nonpublic/statistics.html). While there is evidence that the physical characteristics of schools can influence learning, 13 Zimring et al. 14 propose that the characteristics of buildings and sites can affect physical activity levels as well. These effects occur at several spatial scales (i.e., site, building, and building element). For example, the selection and design of the location of the school, the physical characteristics of the school building (e.g., size of the building), and the design of the elements within a given building (e.g., location of stairs, exercise areas) might each play a role.
14 These hypotheses are supported by previous research suggesting school characteristics may influence physical activity. 11, 15, 16 A few recent studies have examined the relationships between the school environments and objective measures of physical activity during the school day. In an observational study of 24 public middle schools, Sallis et al. 11 characterized 137 areas for physical activity and made observations of the levels of physical activity of students using these areas. When a school environment was supportive (i.e., had both physical improvements such as basketball courts or playground markings and adult supervision), the proportion of students actively engaged in physical activity was higher than when school environments were deficient in both facilities and supervision. In schools with no environmental support, the proportion of active students was near zero. In general, higher proportions of youth were active in courts or fields compared with indoor activity areas. A subsequent randomized controlled trial focused on increasing physical activity using environmental interventions such as increasing supervision, availability of equipment and organized activities, and active time in physical education (PE) class. Using these strategies, intervention schools saw increases in moderate and vigorous physical activity both in and out of PE settings. However, PE curriculum interventions contributed more than the out-of-class strategies in increasing rates of physical activity overall. 16 While PE classes can be the source of substantial physical activity, 16 the time offered for PE can vary greatly among schools and by age or grade. 17 Excluding PE classes and recess periods, much of the physical activity occurring during the school day is instrumental, occurring as students go from class to class or to lunch. Therefore, the role of the school site, characteristics of the building, and potentially the space allotted for play and active recreation may be important factors in physical activity levels of middle school youth.
A few additional studies have examined whether certain built or structural characteristics influence physical activity among elementary students, 18 older adults, 19 and preschoolers, 20 finding that more facilities and equipment and opportunities (e.g., classes) translated into increased activity levels.
Study Objectives
This study describes the development of objective measures of school campuses, school buildings and school play areas using geographic information system (GIS) data, site visits, archival records, and aerial photographs (ortho-photos); discusses the development of statistical models defining accelerometer measures of school day physical activity; and presents findings regarding associations between objectively measured school characteristics and accelerometer estimates of physical activity in middle school youth. These data are then used to test the study hypothesis that increased space per enrolled student leads to more physical activity.
Methods
Data for this study were derived from a randomized controlled trial of a school-based intervention among 7th-and 8th-grade students in ten middle schools. 21 A stratified random sample of 256 students participated in a substudy that collected objectively monitored physical activity data in 1997.
Student-Level Data
Student questionnaire data were collected in 1997 to assess individual nutrition and physical activity-related behaviors and other student characteristics (i.e., gender, age, race/ ethnicity, and average days per week of PE participation). Body mass index (BMI) was calculated from measurements collected in 1997 by trained project staff. 21 The data used in this analysis are from 248 study participants with both accelerometer data and complete corresponding survey and BMI data for study covariates from 1997.
School Characteristics
This study characterizes ten middle schools in four communities in the Boston metropolitan area. According to the 2000 U.S. Census, the total population in these four communities ranged from 66,910 to 101,355, with population densities per square mile from 2664 to 18,868 (1028 to 7285 people/km 2 ), including both urban and rural areas. The average median household income of the ZIP code areas in which the schools were located ($48,485) was below the average for Massachusetts ($50,502) and ranged from $31,751 to $70,613. The proportion of households living in poverty in these areas ranged from 2% to 16% and the proportion of the population in these areas earning more than $200,000 ranged from 1% to 8%.
Objective physical characteristics including school campus area, campus play area, building area, and area densities per student were assessed retrospectively in 2004 -2005 using local parcel data, site visits, ortho-photos, architectural plans, and site maps. Building footprints and parcel boundaries were ArcGIS was used to calculate the total area of all campus polygons (i.e., total campus area) as well as additional specific subcategories for each school (i.e., building footprint and play areas), thereby creating a school site map (Figure 1 ). Buildings were characterized and subdivided according to floors using architectural plans. School building area was calculated from the number of building floors and the building footprint area. (Examples and detailed methodology can be found at http:// biosun1.harvard.edu/research/divisions/env_stat/GISinLMA/ localfeatureswebsite/localfeaturesintro.htm.) Researchers consulted with school staff during site visits to obtain reported school building area, and to review architectural drawings and site maps to verify site and building characteristics and document changes that occurred since 1997. School enrollment data for 1997 were obtained from the Massachusetts Department of Education. The school campus characteristics were rescaled (i.e., divided by 100) before inclusion in the regression models.
Physical Activity Data
The study protocol assigned students to wear the TriTrac-R3D accelerometer for either one or two 4-day sessions conducted by school between February and May of 1997. Data were not collected simultaneously in schools. The students wore the accelerometers on their hip in a "walkman"-style pouch. The TriTrac-R3D collects measures of movement in three planes and provides a summary vector measure of movement-vector magnitude-for each minute the monitor is worn. Minuteby-minute TriTrac-R3D vector magnitude counts from 248 students were reviewed. Periods with little or no movement recorded for Ն30 consecutive minutes (i.e., vector magnitude Ͻ10) were considered missing. The vector magnitude data were averaged over consecutive 15-minute intervals for further analysis when Յ5 minutes were missing. The date, day of the week, and time of day were used to calculate physical activity measures specific to days and times that corresponded to the school hours for each school. In order to examine the study hypotheses related to school settings, this data set was further limited to only those intervals occurring during school hours (nϭ16,578).
Data Analysis
In 2006, linear mixed models were fit to the data to examine associations between school environmental variables and objective physical activity levels during the school day. The models were fit using PROC MIXED in SAS, version 9.1 (SAS Institute, Inc., Cary NC, 2005). The outcome variable, TriTrac R3D vector magnitude (a measure of movement) was averaged within each 15-minute interval (nϭ16,619) throughout the school day and (natural) log transformed. The model included fixed effects for time of day (in 15-minute intervals), day of week, gender, and race/ethnicity. Student age in years, days/week of PE, and student BMI were also included as continuous or ordinal covariates. In addition, we included a single random effect for each child in order to account for correlation among activity level observations for that child. Also, we modeled the correlation of 15-minute activity level measurements within the same day and child using a spatial power covariance matrix, with the correlation between activity level measurement at time t i and t j represented by |t i t j | for some estimated correlation coefficient .
Results
Of the total 248 students, 42% were female, 56% were white, 11% black, 14% Hispanic, and 11% Asian, and 8% other race/ethnicity. The students had a mean age of 13.7 years and an average BMI of 22.0. The majority of students attended PE classes on Ն2 days per week (69%), and the distribution of students across schools was not equal (Table 1) . In separate regression models adjusting for student age, gender, race/ethnicity, BMI, PE days/week, day of the week, and time of day, the variables school campus area per student (Model 2: ␤ϭ0.2244, pϽ0.0001), play area per student (Model 3: ␤ϭ0.347, pϽ0.0001), and building area per student (Model 4: ␤ϭ2.1302, pϽ0.02) were each directly associated with log-TriTrac-R3D vec- tor magnitude (Table 3) . Compared with Monday, on average, the students recorded lower average log-vector magnitude levels on the remaining school days. Female students were less active than male students during the school day, although no statistically significant effects of age on activity levels were observed. In each regression model, a positive association was observed between the number of days of PE class and the average vector magnitude, although this association only reached statistical significance in one of the three final models after controlling for campus variables. Figure 2 plots the exponentiated time of day model estimates from the base regression model (Table 3 , Model 1) of vector magnitude along an axis of time. These estimates show that movement was greatest at the beginning and the end of the school day (start and ending times of schools ranged from 7:45 to 2:05 to 8:15 to 2:45). Additionally, peaks in estimated average vector magnitude were observed for 15-minute intervals crossing between class periods and during the lunch period (approximately 11:15 to 1:00).
Conclusion
In this study, larger school campus, building, and play areas per enrolled student were associated with increased physical activity in middle school students. An approximate increase of 20% to 30% in average vector magnitude of physical activity was associated with the difference in total campus, school, and play areas per student seen in this sample of schools, independent of the other variables in the model. These increases translate into approximately 34 kcal/day, walking an extra 96 m/hour over an average school day, or walking 2 extra miles (3.2 km) weekly (see online appendix at www.ajpm-online.net). Given the substantial number of students attending schools, these subtle shifts in physical activity levels associated with the amount of space per student on school campuses, in school buildings, and in areas for play merit further consideration.
Isolating the exact feature(s) of the school campus associated with such shifts in physical activity will require more study. The variables of campus, playground, and building size per enrolled student were positively correlated in this sample of ten schools (r ϭ0.60 to 0.89; pϽ0.07 to 0.001). These relationships make it difficult to disentangle the independent effects of each of these school characteristics on physical activity levels, and to determine whether the increases in physical activity levels observed in larger spaces were attributable to more instrumental activity (e.g., walking to and from classes or the cafeteria) or structured/unstructured recreational or programmed activities occurring in a larger space (e.g., gym or playground areas). For example, movement tended to peak at the beginning, middle, and end of the school day (Figure 2 ). The movement mid-day likely includes travel to and from the cafeteria as well as free time spent in play areas or other school spaces. The early and late peaks likely represent movement associated with moving through a school building to homeroom classrooms or to the pickup areas at the end of the day. The location and physical movements of individual students within a school campus were not collected simultaneously in this study. However, the observations and school administrator reports of student movement and school day structure made during site visits to schools support the interpretation that both the built structure and the organization of time within a space may influence physical activity.
Nationally, communities are re-evaluating school site standards, and in doing so must address a host of complex and interrelated issues. The construction of a new school is influenced by many factors, including existing facilities and potential changes in school utilization. 22 While larger schools (and school campuses) may be favored for their benefit for cost sharing in facility and equipment needs, small schools provide intimacy and the ability to promote individualized learning and involvement 23 and easy access to the surrounding neighborhoods. 24, 25 Communities must balance issues such as congestion and air quality and transportation budgets, providing sites to which students can walk, and encouraging community use of schools 25 -all while recognizing the need to provide a quality educational environment within the context of existing state regulations that can influence how and where schools are built.
Guidelines and regulations regarding school sites vary by state. In this study's sample of Massachusetts schools, only one school was below the recommenda- . This study's findings also suggest that campus size may be a factor promoting increased physical activity in students. Massachusetts is one of 22 states without specific campus-size recommendations (http:// cefpi.org/pdf/smartgrowthpub.pdf). However, the state promotes placement of new schools in areas in close proximity to natural resources, businesses, and other cultural institutions (e.g., museums, libraries) in order to enhance the education programs (www.doe. mass.edu/lawsregs/603cmr38.html). While this policy could potentially improve a school's accessibility (thereby increasing the potential for active transport to school, parental involvement in student education, and use of facilities by community members), other states, by contrast, have differing requirements. California recommends campuses of 7 to 13 acres (28,328 to 80,937 m 2 ) for schools with enrollments comparable to this study sample. This is considerably larger than the median campus size (15,989 m 2 ) observed in this study. California's guidelines reflect the prominent roles of PE and housing sufficient facilities for community recreation (www.cde.ca.gov/ls/ fa/documents/schoolsiteanalysis2000.pdf), as well as recent legislative efforts favoring class size reduction and gender equity; all of these efforts have increased requirements for number and types of play fields, classrooms, and parking for the additional staff.
However, the factors associated with increased physical activity observed in this study were not only designed features of schools. Features of school programming also influence physical activity levels, consistent with other studies in the literature. 11, 16 Increased participation in PE was directly associated with physical activity in all models (but reached statistical significance only in Model 3) (Table 3) . Although this study is not well suited to fully explore the effect of changes in frequency of PE participation on physical activity due to the inability to match days of physical activity monitoring with those days that students participated in PE classes, these results support the conclusion that multiple aspects of the school environment can influence physical activity levels. The students in this sample reported higher rates of participation in PE in 1997 than Massachusetts high school students overall (96% vs 73%, respectively). However, rates of PE participation in Massachusetts are declining. By 2003, just 58% of Massachusetts high school students reported that they were enrolled in PE during an average week (http://apps.nccd.cdc.gov/yrbss). 
Limitations
This study used objective data to calculate both school campus areas and youth physical activity in order to investigate study hypotheses. However, since the strategies used for the initial data collection were not devised to address this study's hypotheses, there are limitations that could be addressed in future studies. Future research could address the potential influence of seasonality and seasonal school programming on student activity levels by collecting data in multiple schools simultaneously, and for other characteristics of students and schools that were not available for this study (e.g., socioeconomic indicators). Furthermore, in this analysis, we averaged activity over 15-minute intervals. Newer analytic methods 8 could provide better statistical power to analyze the relatively rare outcomes of moderate and vigorous physical activity among youth as well as address issues of missing data. This analysis did not directly address issues of missing data. However, a previous analysis suggests no pattern in missing data with respect to activity intensity, 26 and data missing at random in this study's outcome variable will not bias the regression estimates.
While objectively measured campus and school characteristics were verified by school personnel during site visits, some inconsistency between how spaces were defined for study purposes and the use of these spaces during the time of physical activity data collection in 1997 may be present. Additionally, given the time lapse since data were collected, it was not possible to account for practices of schools that may promote or restrict movement (e.g., block scheduling, quality of PE program) and organizational or school characteristics (e.g., provision of equipment, supervision, and quality of play spaces) that have been associated with physical activity levels in previous research. 11, 24 In assessing the school campus and building characteristics, fairly crude measures were employed, and the measures of physical activity over the day cannot be attributed to certain spaces within a given school building or campus. Frequently, design guidelines break down school building area into separate calculations (e.g., gross area, net area, field house, lab space, classroom centers, administrative areas) (see, for instance, www.edfacilities.org), and studies of play spaces often account for physical site improvements (e.g., courts, fields) and supervision by school staff. 11, 15, 18 However, the methods of characterizing schools used in this study are easily replicable using data that are primarily publicly available, and therefore could be considered in future studies of schools and youth physical activity. These methods may also be expanded to the study of surrounding neighborhoods and physical activity levels outside of the school campus environment, thus looking at the broader roles that school and school sites play in influencing physical activity levels among youth.
In this study, larger school campuses, school buildings, and play areas per enrolled student were associated with increased physical activity during the school day in middle school students. Further study may better inform researchers of the potential mechanisms through which these associations operate.
